Materials and Methods

General Remarks.
All manipulations were performed in a Glovebox MB Unilab produced by MBraun or using standard Schlenk techniques [S1] under an atmosphere of purified Argon (purchased from Westfalen AG). Dry, oxygen-free solvents (drying reagent in brackets; [CaH 2 ]: CH 2 Cl 2 , C 6 H 5 F and 1,2-C 6 H 4 F 2 ; [sodium / benzophenone]: Et 2 O, THF, toluene, C 6 H 6 [sodium]: pentane and n-hexane) were employed. Deuterated benzene (C 6 D 6 ) was purchased from Sigma-Aldrich and distilled from sodium prior to use. Anhydrous deuterated dichloromethane (CD 2 Cl 2 ) was purchased from Sigma-Aldrich. All distilled and deuterated solvents were stored either over molecular sieves (4 Å; CH 2 Cl 2 , C 6 H 5 F, 1,2-C 6 H 4 F 2 ) or potassium mirror (Et 2 O, toluene, C 6 H 6 , pentane, n-hexane). Reagents such as GaCl 3 , PCl 3 , Me 3 SiCl, SiCl 4 , and LiN(SiMe 3 ) 2 were purchased from either Sigma-Aldrich or STREM Chemicals. All phosphanes, organic liquids and SiCl 4 unless purchased in redistilled quality were distilled prior to use. GaCl 3 was sublimed prior to use. Elemental white phosphorus (P 4 ) was donated by Thermphos International B.V.. P 4 was stored in water and dried with Me 3 SiCl and recrystallized from CS 2 prior to use. Compounds 5, [S2] and 8 [S3] were prepared according to literature known procedures. All glassware was oven-dried at 160 °C prior to use. NMR spectra were measured on either a Bruker ADVANCE III spectrometer ( 1 H (400.03 MHz), 13 C (100.59 MHz), 15 N (40.54 MHz), 31 P (161.94 MHz), 29 Si (79.49 MHz)) or a Bruker ADVANCE II spectrometer ( 1 H (200.13 MHz), 31 P (81.01 MHz)) at 26 °C unless indicated otherwise. All 13 C NMR spectra were exclusively recorded with composite pulse decoupling. Assignments of the carbon atoms in the 13 C spectra were performed via indirect deduction from the cross-peaks in 2D correlation experiments (HMBC, HSQC). Chemical shifts were referenced to δ TMS = 0.00 ppm ( 1 H, 13 C) and δ H3PO4 (85%) = 0.00 ppm ( 31 P, externally). Chemical shifts (δ) are reported in ppm. Coupling constants (J) are reported in Hz. Absolute values are reported except for coupling constants derived by means of line shape iteration (vide infra). Assignments of individual resonances were done using 2D techniques (HMBC, HSQC, HH-COSY, PP-COSY) when necessary. Yields of products in solution were determined by integration of all resonances observed in the corresponding 31 P NMR spectra. For compounds which give rise to a higher order spin system in the 31 P{ 1 H} NMR spectrum, the resolution enhanced 31 P{ 1 H} NMR spectrum was transferred to the software gNMR, version 5.0, by Cherwell Scientific. [S4] The full line shape iteration procedure of gNMR was applied to obtain the best match of the fitted to the experimental spectrum. 1 J( 31 P 31 P) coupling constants were set to negative values [S5] and all other signs of the coupling constants were obtained accordingly. The designation of the spin systems were performed by convention. The spin system is considered to be higher order and consecutive letters are assigned if Δδ(P i P ii )/ n J(P i P ii ) < 10. For Δδ(P i P ii )/ n J(P i P ii ) > 10, the spin system is considered to be pseudo first order and the assigned letters are separated. Melting points were recorded on an electrothermal melting point S3 apparatus (Barnstead Electrothermal IA9100) in sealed capillaries under Argon atmosphere and are uncorrected. Infrared (IR) and Raman spectra were recorded at ambient temperatures using a Bruker Vertex 70 instrument equipped with a RAM II module (Nd:YAG laser, 1064 nm). The Raman intensities are reported in percent relative to the most intense peak and are given in parenthesis. An ATR unit (diamond) was used for recording IR spectra. Alternatively, IR spectra were measured on a Bruker Vector 22 using KBr pellets. The intensities are reported relative to the most intense peak and are given in parenthesis using the following abbreviations: vw = very weak, w = weak, m = medium, s = strong, vs = very strong, sh = shoulder. UV/vis spectra were recorded on a Varian Cary 50 Conc UV/visible spectrophotometer. Mass spectra where recorded on a Thermo Scientific Orbitrap LTQ XL at the Organisch Chemisches Institut, University of Münster, Germany. Parent cations were separated and fragmented using appropriate potentials in order to obtain exact masses of the fragment-cations.
Elemental analyses were performed on a Vario EL III CHNS elemental analyzer at the IAAC, University of Münster, Germany.
X-ray Diffraction Studies.
Single crystals were coated with Paratone-N oil, mounted using a glass fiber pin and frozen in the cold nitrogen stream of the goniometer. Data sets were collected either on a Bruker Quazar diffractometer equipped with a microfocus sealed tube MoK α source (λ = 0.71073 Å) with a Montel mirror at 153(2) K and a scan width of 0.3°. Data reduction was done using the Bruker SMART [S6] software package. Data sets were corrected for absorption effects using SADABS routine (empirical multi-scan method).
Structure solutions were found with the SHELXS-97 package using the direct method and were refined with SHELXL-97 [S7] against F 2 using first isotropic and anisotropic thermal parameters for all non- Note: Compound 8 ((P = 220.9 ppm) represents the head to tail dimer of iminophosphane 5 (~ 16%) [S2] and the two AX spin systems are consistent with trans-conformers of unsymmetrically-substituted diphosphadiazane derivatives. The minor species (~ 5%) is identified as out-9 ((P A  = 219.5 ppm, (P X  = 232.3 ppm, 2 J(P A P X  = 12.0 Hz) [The designators in-and out-in 9 describe the arrangement of the SiCl 3 moiety pointing above and below the four-membered [NP] 2 -ring (in-) or away from it (out-)] which is formed upon reaction of dimer 8 with one equivalent SiCl 4 accompanied by Me 3 SiCl elimination. The second AX spin system (~ 8%) is assigned to in-9 ((P A  = 231.7 ppm, (P X  = 235.4 ppm, 2 J(P A P X  = 14.5 Hz). Interconversion of in-9 to out-9 is not observed due to the high barrier of rotation reported for exocyclic P-N bonds in amino-substituted diphosphadiazanes (8:
ΔG > 27 kcal/mol). [S3] The formation of in-9 is supported by the 1 H NMR spectra. Both SiMe 3 -groups pointing away from the four-membered [NP] 2 -ring reveal a close proximity to the lone pairs of electrons of the adjacent P atoms. Thus, relatively large, through space 4 J(PH) coupling constants are observed ((H = 0.42 ppm, 4 J(PH) = 3.4 Hz; (H = 0.30 ppm, 4 J(PH) = 3.7 Hz). [S3] On basis of the obtained S5 results and by comparison of the observed resonances the two remaining singlets in the low field part of the 31 P{ 1 H} NMR spectrum are tentatively assigned to conformers of 20 ((P = 240.7 ppm, (P = 220.3 ppm). Figure S3 . 31 P{ 1 H} NMR spectra of the reaction mixtures of 7, P 4 and GaCl 3 in A: a 1 : 1 : 2 and B: a 1 : 2 : 4 stoichiometry (both: C 6 H 5 F, C 6 D 6 -capillary, rt); small amounts of unidentified side products are marked with asterisks. 
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